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BLOCK-DIVIDED SEMICONDUCTOR MEMORY
DEVICE
BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a semiconductor

memory device having memory cells divided into a

plurality of separate blocks.
2. Description of the Prior Art:

In recent years, dynamic metal-oxide semiconductor .
(MOS) random access memory - (RAM) devices have -

been enlarged to 64 kbits (precisely, 65,536 bits). Thus,

as the integration density has become higher, the num- -
ber of memory cells connected to one sense amplifier -
for the read operation has become higher and, accord- -
ingly, the load on each sense amplifier has also become
higher, thus reducing the speed of the read operation. In -
order to reduce the load on each sense-amplifier, a prior -
art 64 kbits MOS RAM device uses two series of sense

amplifiers. That 1s, the memory cells, sense: amplifiers,

row address decoders, and the like are divided into two

blocks, each with 32 kbits.
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Further, as the integration density has become

higher, the pitch in the column direction, i.e., the dis-
tance between bit lines, has also become smaller, while,

25

column address decoders have become larger due to the

increase in the number of address bits. As a result, it has

become difficult to arrange one column address de-

coder for each bit ine pair. Therefore, an arrangement

30

has been proposed where one column address decoder
is used for every two bit line pairs, four bit line pairs, or
the like. In this case, two sense line pairs, four sense line
pairs, or the like are provided for each block. Of course,

decoders for selecting such sense line pairs are neces-

35

sary, however, such decoders are separated from the -
block-divided elements and, accordingly, the presence :
of such decoders negligibly reduces the integration

density.
In a prior art block-divided device in which one col-

umn decoder 1s provided for two or more bit line pairs,
1.e., two or more sense line pairs are provided for each
block, the arrangement of sense lines is the same in all |
the blocks. As a result, when a write operation is per-

formed upon a first pair of sense lines, and simulta-
neously, a read operation is performed upon a second

pair of sense lines adjacent to the first pair of sense lines,

noise generated by the first pair of sense lines is super-
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posed on each line of the second pair of sense lines due

to the capacitance between the adjacent lines, impurity
diffusion regions, and the like. As a result, the read

50

operation from the second pair of sense lines may be -
incorrectly carried out. Note that a read operation car- -
ried out simultaneously with a write operation, i.e., a

read operation during the write access mode, is a so-
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called refresh operation. Such a refresh operation is also -
carried out during the read access mode, and in addi-

tion, i1s independently carried out during a no access

mode, 1.e., during the refresh mode. Regardless of what

mode this prior art device is in, a read operation carried

out simultaneously with a write operation can result in

60

excessive noise being applied to the sense lines and an

error in the read operation.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
block-divided 'semiconductor memory device having
two or more sense line pairs provided for each block, in

65
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which a correct read operation can be carried out simul-
taneously with a write operation.
According to the present invention, the arrangement
of the sense lines for one block is different from the -

‘arrangement of the sense lines for another block. That

1s, a first. pair with a signal line and an inverse line is .
adjacent to the signal and inverse lines, respectively, of .
a second pair in one block and the first pair’s signal line
is adjacent to the inverse line of the second pair, while

‘the second pair’s signal line is adjacent to the first pair’s -

inverse line in another block. As a result, noise from the
first pair of sense lines applied to each line of the second -
pair of sense lines is cancelled out.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more clearly under-.-
stood from the description as set forth below with refer- -
ence to the drawings.

FIG. 1, including 1A and 1B, is a block circuit dia-
gram of a first embodiment of a block-divided semicon- -
ductor memory device according to the present inven- .
tion;

F1GS. 2A and 2B are partial block circuit-diagrams of
a portion of the diagram of FIG. 1;

FIG. 3 including 3A and 3B, is a block circuit dia- -
gram of a second embodiment of the block-divided
semiconductor memory device according to the present
invention;

F1GS. 4A and 4B are partial block circuit diagrams of
a portion of the diagram of FIG. 3;

FIG. § 1s a block circuit diagram of a third embodi-
ment of the block-divided semiconductor memory de- -
vice according to the present invention;

FIGS. 6A and 6B are partial block circuit diagrams of -
a portion of the diagram of FIG. 5§ and -

FIG. 7 1s another block diagram of the embodiment:
illustrated in FIGS. 1A and 1B.- |

DESCRIPTION OF THE PREFERRED
EMBODIMENTS:

In FIG. 1, which tllustrates a first embodiment of the
present invention, 64 kbits of memory cells are divided:
into four 16 kbit memory cell arrays 1-1, 1-2, 1-3, and.

1-4. A sense amplifier/column address decoder portion

2-1 1s arranged between the memory cell arrays 1-1 and
1-2, and a sense amplifier/column address decoder: por--
tion 2-2 1s arranged between the memory cell arrays 1-3.
and 1-4. Row address decoders 3-1 through 3-4 respond
to row address signals Agand Ag through Ayand A7to
select one word line from 256 word lines (not shown).
within all the memory cell arrays 1-1 through 1-4.
Therefore, the memory cell arrays 1-1 and 1-2, the sense.
amplifier/column address decoder portion 2-1, the row

address decoders -3-1 and 3-2, and the like form a first:

block BK1, while the memory cell arrays 1-3 and 1-4, .
the sense amplifier/column . decoder: portion 2-2, the
row address decoders 3-3 and 3-4, and the like form a
second block BKj. Thus, two series of sense amplifiers-

are provided, thereby reducing the load thereof.

As illustrated in FIG. 2A, the sense amplifier/column:
decoder portion 2-1 comprises 256 sense amplifiers SA,
each provided for one bit line pair, and 128 column:
address decoders DEC, each provided for two bit line

pairs. - Similarly, as illustrated in FIG. 2B, the sense

amplifier/column decoder portion:2-2 comprises: 256
sense amplifiers SA each provided for one bit line pair,
and 128 column address decoders DEC each provided
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for two bit line pairs. The column address decoders
DEC respond to column address signals Ag’ and Ag’

through Ag¢’ and Ag¢’, to select one bit line pair.

In addition, two pairs of sense lines S; and Sy, Spand

S_g_sele_cted according to column address signals A7" and
A7’ are provided for each of the blocks BK1 and BKj.

As illustrated in FIGS. 2A and 2B, the sense line S (or |

S1) is connected via the portion 2-1 or 2-2 to bit lines

BLo, BL, .. . and BL 54 (or bit lines BLo, BL,,...,and
BLHD 254), whﬂe the sense line Sy (or Sy) is connected |
via the portion 2-1 or 2-2 to bit lines BLj, BL3, . . ., and

BL,s5 (or bit lines BL1, BL3, . .., and BL;ss).
In order to perform a wnte operatlon and a read

operation upon a memory cell via the first pair of sense
lines St and S, a write amphfier 4-1 and a sense buffer
5-1 are provided. Similarly, in order to perform a write
operation and a read operation upon a memory cell via
the second pair of the sense lines S; and S,, a write

amplifier 4-2 and a sense buffer 5-2 are provided. The
selection of the write amplifiers 4-1 and 4-2 is carried

out by a selector 6 using the column address signals A7’
and A+'. The selection of the sense buffers 5-1 and 35-2 1s
carried out by a selector 7 which also uses the column
address signals A7’ and A7'. Note that reference symbol
D;, designates an input data signal and Dy, designates
an output data signal.

According to the present invention, the first pair of

sense lines St and S; are arranged in the same way for
each of the blocks BK 1 and BK>, while the arrangement
of the second pair of sense lines Sz and S; in the block -
BK 1 is different from that in the block BKaj.
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Therefore, in the sense line S, the noise generated by

the portion of sense line S; in block BK adjacent to a .
portmn of the sense line S; has a value opposite that of

the noise generated by the portion of sense line St in

block BK> adjacent to the portion of sense line Sz in

block BK>, and these noises cancel each other. Simi-

larly, in the sense line S,, the noise due to the sense line

S, of the block BK ; adjacent to the sense line Sz is oppo-

site 10 the noise due to the sense line S; of the block

BK adjacent to the sense line S,, and these noises can-
cel each other. Also, in the sense lines S1 and Si, the
noises due to the sense lines S and S; cancel each other.

In FIG. 3, which illustrates a second embodiment of
the present invention, four pairs of sense lines S; and S1;

S, and S»; S3 and S3, and S4 and S; are provided. In this
case, as illustrated in FIGS. 4A and 4B, the portion 2'-1
(or 2'-2) comprises 64 column address decoders DEC

each provided for four pairs of bit lines. In this case, the

column address decoders DEC respond to the column

address signals Ao’ and Ag’ through As' and As'. In
addition, two more write amplifiers 4-3 and 4-4 and two

more sense buffers 5-3 and 5-4 are added to FIG. 1. A
55

:s_glector 6’ responds to the column address signals Ag’,
A¢', A7, and A7’ to select one of the write amplifiers 4-1
through 4-4, and a selector 7 also responds to the col-
umn address signals Ag’, A ¢, A7, and A7 to select one
of the sense buffers 3-1 through S5-4.

In the first block BK shown in FIG. 3, the sense lines
S1, Sy, S3, S4, Sa, S3, Sy, and S; are arranged in that
order, while in the second block BK>», the sense lines Sy,
S5, S3, S4, S4, S3, Sy, Sy are arranged in that order. There-
fore, also in this case, in one sense line such as Sy, the
noise due to the sense line S; or S3 in the block BK
which is adjacent to the sense line §; cancels the noise
due to the sense line S; or 83 in the block BK3 which is
adjacent to the sense line S;.
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In FIG. 5, which illustrates a third embodiment of the
present invention, folded bit lines are arranged on one
side of a sense amplifier series, as illustrated 1n FIGS.
6A and 6B. Note that the embodiments in FIGS. 1 and

'3 use opened bit lines arranged on both sides of a sense

amplifier series. In FIG. 5, sense amplifiers 2S-1 and
column address decoders 2C-1 correspond to the por-
tion 2-1 shown in FIG. 1, and sense amplifiers 25-2 and
column address decoders 2C-2 correspond to the por-
tion 2-2 shown in FIG. 1. In addition, row address de-
coders 3'-1 correspond to the combination of the decod-
ers 3-1 and 3-2, shown in FIG. 1, and row address de-
coders 3'-2 correspond to the combination of the decod-
ers 3-3 and 3-4. In this case, the arrangement of the sense -
lines S1, S1, .Sy, and S, are the same as that in FIG. 1,
thereby obtaining the same effect as in the embodiment
of FIG. 1.

Note that the present invention can be also applied to
the case where memory cells are divided into four or
more blocks. For example, in the case of a four-block-
divided device havmg four pairs of sense lines Sy and Si:
S»> and Sz, Szyand S3: and S4and Sy, the sense lines S1, Sy,
Si, S4, S3, S4, Sy, and S are arranged in this order for
two of the blocks, and the sense lines Sy, Sa, S3, Sa, S4,
S3, S», and S; are arranged in this order for the other
two blocks.

As explained above, according to the present inven-

tion, the noise due to the interaction between the sense

lines is reduced, thereby obtaining a correct read opera-

tion carried out simultaneously with a write operation.

I claim: |

1. A semiconductor memory device, comprising:

a plurality of word lines;

a plurality of pairs of bit lines; |

memory cells,: operatively connected to said word
and bit lines, each provided at an intersection of
said word lines and said bit lines, said memory cells
being divided into first and second blocks, sepa-
rated from each other;

a plurality of pairs of sense lines, each pair comprising
first and second adjacent sense lines operatively
connected to the first and second blocks of said
memory, respectively, each pair of sense lines car-
rying two complementary signals;

first selecting means, operatively connected to said
word lines, for selecting one of said word lines;

second selecting means, operatively connected to
said bit lines and said sense lines, for selecting pairs
of bit lines from said bit lines in each block, to
connect the selected pairs of bit lines to said pairs of
sense lines for a corresponding block; and

third selecting means, operatively connected to said .
pairs of sense lines, for selecting one of said pairs of
sense lines, the first adjacent sense lines for the first .
block of said memory cells having a sense relation-
ship opposite to the second adjacent sense lines for
the second block of said memory celis.

2. A semiconductor memory device as set forth in

claim 1, wherein said bit lines are of an open type.
3. A semiconductor memory device as set forth 1in

claim 1, wherein said bit lines are of a folded type.:
4. A semiconductor memory device, comprising:
first and second memory cell arrays, having column
lines and storage cells therein, each of said first and
second memory cell arrays having an equal number
of storage cells;
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selection means, operatively connected to said first second portions carrying the second and first

and second memory cell arrays, for selecting one of signal types, respectively. .
the storage cells to be accessed; and | 5. A semiconductor memory device, comprising: -

at least two memory means for storing memory- sig-

pairs of sense lines, operatively connected to said first 5 nals:
and second memory cell arrays and said selection at least two sense amplifier means, operatively con-
means, each of said pairs of sense lines carrying a nected to respective memory means, for sensing
first signal type and a second signal type comple- the contents of said memory means;

mentary to the first signal type, said pairs of sense input/output means for reading from and writing to

¥ C. 10 said memory means; and -

ines comprising: . | e ye. : |

Firet . onerativel d to the col at least two pair of sense amplifier lines, operatively

H'S-‘t por:uons,: opetatlve y connected to the column connected to said sense amplifier- means and said
lines in said first memory cell array, arranged input/output . means, each pair including a first
with all of said first portions of said sense lines sensing type line and a second sensing type line, -
carrying the first signal type adjacent and all of 15 where the same sensing type lines are adjacent to

each other when connected to one of said at least
two: sense amplifier means and opposite: sensing .
type lines are adjacent to each other when con-

said first portions of said sense lines carrying the
second signal type adjacent; and

second ?qrtlf:ms, ._c)peran-vel.y connected to the COI*f nected to the other of said at least two sense ampli-
umn lines in said seccfnd- memory cell ar Iay, each 30 fier means, so that noise coupled between the pairs
of said second portions carrying the first and. of said sensing amplifier lines is cancelled out.

second signal types. arranged adjacent to said ¥ % ok % %k
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,596,001
DATED : June 17, 1986
INVENTOR(S) : Fumio Baba

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 3, line 10, " (BLHD254)," should be -——(E’i254) ——
Column 4, line 24, 53' S4r should be --84’ S3'——.

Signed and Sealed this
Twenty-fifth Day of November, 1986

Artest.

DONALD J. QUIGG

Artesting Oﬁ cer Commissioner of Patents and Trademarks
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